Accurate methods for the identification of closely related species or breeds in raw and processed meats must be developed in order to protect both consumers and producers from mislabeling and fraud. This paper describes the development of DNA markers for the discrimination and improvement of Korean native pig (KNP) meat. The KIT gene is related to pig coat color and is often used as a candidate marker. A 538 bp fragment comprising intron 19 of the pig KIT gene was amplified by PCR using specific primers, after which the PCR amplicons of a number of meat samples from KNP and three major improved breeds (Landrace, Duroc and Yorkshire) were sequenced in order to find a nucleotide region suitable for PCR-RFLP analysis. Sequence data showed the presence of two nucleotide substitutions, g.276G>A and g.295A>C, between KNP and the improved pig breeds. Digestion of KIT amplicons with AccII enzyme generated characteristic PCR-RFLP profiles that allowed discrimination between meats from KNP and improved pig. KNP showed three visible DNA bands of 264/249, 199, and 75 bp, whereas DNA bands of 249, 199, and 90 bp were detected in the three improved pig breeds. Therefore, the 75 bp DNA fragment was specific only to KNP, whereas the 90 bp DNA fragment was specific to the improved breeds. The breed-specific DNA markers reported here that target the KIT gene could be useful for the identification of KNP meat from improved pig meats, thus contributing to the prevention of falsified breed labeling.
Introduction
Food labeling regulation requires the identity of meat in raw meat and meat products to be accurately labeled . Determining the species or breed origin of meat is an integral part of food regulatory control with respect to economic fraudulence . For example, native breed meats are often a target for fraudulent labeling, because of the different prices and quality between native and improved breed meats. However, it is not easy to identify animal species or breeds in meat and meat products. Recently, the problem of false sales has arisen: improved breed or imported pork could be mislabeled as native breed pork, due to consumers' increasing concerns about the food safety of imported meats since the BSE outbreak. Therefore, the demand for an identification system to race pork from farm to market has gradually arisen. It is necessary to prevent false sales and to guarantee the quality and the safety of meat. As an element of an effective traceability system, technology to accurately discriminate between native breed and improved breed pork must also be developed (Sasazaki et al., 2007) .
Korean native pigs (KNP) have been reared in the country as purebred pig for a long time. However, with the introduction of improved breeds and the increased crossbreeding, the number of KNP has drastically decreased. Native pigs have a particular genetic background, different from improved breeds of pig, and will be important as pork resources. Although the meat quantity is inferior to that of improved breeds, they are famously known for their high level of palatability, taste and meat quality such as fat content, texture, meat color and juiciness compared with improved breeds (Cho et . The objective of this study was to develop a PCR-RFLP technique using breedspecific DNA marker of the KIT gene, encoding the mast cell growth factor receptor, as a major candidate gene for the coat color variation in pigs that could successfully be used in routine control assays to discriminate between KNP and improved pig meats.
Materials and Methods
Animals and sample collection Muscular tissue samples from 49 unrelated KNP were provided by National Institute of Animal Science, RDA. For improved breed samples, muscle samples of Landrace, Duroc and Yorkshire breeds were obtained from a (Gumbo Pig Breeding Farm Co.). A total of 90 samples from improved breeds were used in this study, with 30 individuals per each breed. All the samples were transported to the laboratory under refrigeration and processed immediately or stored frozen at -85 o C until used.
DNA extraction from meat samples DNA was extracted from the meat samples using a method reported by Girish et al. (2005) with slight modification. Briefly, the meat samples were homogenized and mixed with lysis buffer containing 10 vol of 10 mM TrisHCl (pH 8.0), 100 mM EDTA, 0.5% SDS and 0.1 mg/mL of proteinase K (Boehringer Mannheim GmbH, Mannheim, Germany) for 3 h at 50 o C. The resultant mixture was treated with 50 µg/mL of RNase A (Promega, Madison, WI, USA) for 1 h at 37 o C, which was then extracted with an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1 vol/vol) and again with an equal volume of chroloform. DNA precipitated by ethanol and 1 M ammonium acetate solution, was dissolved in TE buffer (10 mM Tris-HCl, pH 7.4 and 0.1 mM EDTA). DNA concentration was determined spectrophotometically by UV absorption at 260 nm. The integrity of the DNA from meat samples was checked by a 1.5% agarose gel electrophoresis.
Design of specific primers
The primer pairs were designed for the amplification of DNA, based on sequences of the pig KIT gene from the NCBI GenBank database. A 538 bp fragment comprising intron 19 of the pig KIT gene was amplified with a primer pair designed by primer 3 (http://frodo.wi.mit.edu/ cgi-bin/primers3/primer3_www.cgi), using the pig KIT gene sequence (GenBank accession no. DQ191191). Sequences of the KIT-FOR and KIT-REV primers are 5'-GTAAGGCCCAGATGTTCTTCCT-3' and 5'-CAACCG-GACCTACTGAAATGAC-3', respectively. This set of primers was predicted to produce amplicons of approximately 538 bp in KNP and improved pig meats.
PCR amplification
The PCR amplification reaction was performed in a 20 µL volume, containing 50 ng template DNA, 2 µL 10× PCR reaction buffer, 250 µM of all four dNTP, 0.1 µM of each primer, 3 mM MgCl 2 and 1.0 units Taq DNA polymerase (Sigma Chemical Co., St. Louis, MO) using a DNA thermal cycler (GeneAmp PCR system 9700, Applied Biosystem, USA). PCR thermal profile consisted of a pre-denaturation step at 94 Sequencing of PCR products PCR products were sequenced using ABI Prism 377 DNA sequencer (Perkin-Elmer, USA). The sequences obtained were analyzed using the Edit Seq of Laser gene (DNA STAR Inc. USA) software. The alignment and comparison of the KIT gene sequences obtained from four pig breeds was done by cluster method using Megalian TM software package (DNA STAR Inc. USA).
PCR-RFLP analysis
The PCR-amplified product of KIT gene of each pig breeds was restriction-digested with AccII restriction enzymes. Briefly, 10 µL of PCR product was digested with 4 units of AccII restriction enzymes with appropriate buffer and incubated at 37 o C overnight. Digested product was electrophoresed on 2% agarose gel.
Results
In this study, in order to develop DNA markers that could discriminate KNP and improved pig meats, we have selected KIT gene as a molecular marker for KNP meat identification. To develop a PCR-RFLP method for the discrimination between KNP and improved pig breeds in raw meat samples, a primer pair specific for pig was designed based on the KIT gene sequences from the NCBI GenBank database. A 538 bp fragment including intron 19 region of the KIT gene was amplified by PCR using specific primers. PCR amplified products of KIT gene of KNP and three improved pig breeds are shown in Fig. 1 . Genomic DNA extracted from each raw meat sample successfully amplified with the KIT-FOR and KIT-REV primer pairs, corresponding in size to the predicted 538 bp. The PCR amplicons of the same size were obtained from all breeds examined.
About 538 bp fragment of KIT gene from KNP and improved pig breeds were sequenced and KIT gene sequences among pig breeds were aligned and compared using the Megalian Programme of Laser gene software ( Fig. 2 and Fig. 3 ). As shown in Fig. 2 and Fig. 3 , the comparison of the KIT gene sequences obtained in this study revealed that there are significant sequence differences between KNP and improved pig breeds. Two nucleotide substitutions, g.276G>A and g.295A>C, were found at positions 276 and 295 within KIT gene sequences, respectively. The KNP showed a divergence of 0.37% with three improved breeds due to two point mutations. Especially, the single base substitution from A to G at the position 276 clearly distinguished KNP from other improved breeds. At the position 276 of the KIT sequence, all KNP meat samples showed GG homotype, whereas three improved pig breeds showed AA homotype in all meat samples. At the position 295 of the KIT sequence, KNP meat samples showed three genotypes such as CC homotype, AA homotype or AC heterotype, whereas improved pig breeds showed only CC homotype in all meat samples examined.
Based on analysis of the restriction map of sequences (Fig. 4 and Fig. 5) . Therefore, the AccII 75 bp DNA fragment was specific only to KNP, whereas the AccII 90 bp DNA fragment was specific to improved breeds. PCR-RFLP profiles of KNP and improved pig KIT gene using selected AccII enzyme are presented in Table 1 . Consequently, on However, there are only a few reports of using nuclear DNA markers for identification of meat species. In this study, the KIT gene related to coat color was used as a target to identify and differentiate meats from KNP and improved pig breeds. For this purpose, a PCR-RFLP method has developed for the identification between KNP meat and improved pig meats based on selective nucleotide variation from the KIT gene. Results of PCR amplification indicated that the size and specificity of the amplicons obtained with specific primer sets was as expected from sequence analysis. The PCR-RFLP profiles were in accordance with restriction enzyme maps of the KIT gene sequences.
Because consumers want to be protected from falsely labeled meat products, various techniques have been reported for species identification in an effort to prevent fraud. In particular, DNA-based techniques using PCR have proven highly useful in tracing the species origin of meat in food (Colgan et al., 2001) . DNA sequencing is a precise method for determining meat species, but is timeconsuming. Restriction enzyme digestion is a practical and simple analysis of large numbers of samples (Matsunaga et al., 1998). Especially, PCR-RFLP has special interest for meat identification because it exploits the sequence variation that exists within defined DNA regions, allowing species differentiation of even closely related species by digestion of selected DNA fragments with appropriate restriction enzymes (Girish et al., 2005; Meyer et al., 1995) .
The coat color of domestic animals has always been a genetic marker for breed identity. The major phenotypic variation in coat color is dependent on a few genes. Two coat color genes, KIT and MC1R, in the pig have been investigated at the molecular level (Marklund et al., 1999; Kijas et al., 1998 ) and sequence differences of these genes have been used widely as a marker for breed characteristic. The KIT gene, encoding the mast cell growth factor receptor, and its MGF display a key role for the growth and differentiation of melanocytes, hematopoietic and germ cells (Marklund et al., 1999) . In the present study, a partial sequence of KIT gene was targeted for the PCR-RFLP analysis, so as to identify the KNP meat. Sequence analysis of the KIT gene showed a significant nucleotide variation between KNP and improved pig breed, enabling application of PCR-RFLP to distinguish them. The nucleotide substitutions indicate the enzyme recognition site detecting the sequence variation by PCR-RFLP analysis. AccII enzyme was chosen as it gave distinct fragment sizes, enabling easy interpretation of results after restriction digestion. The sequence data and PCR-RFLP analysis provide a useful tool in inspection programs to enforce labeling regulation of KNP meat and other improved pig meats. In a similar report, Okumura et al. The information on sequence variation in the KIT and MC1R genes are potent in distinguishing pig breeds that are commercially produced in Japan (Okumura et al., 2000) . In pigs, the dominant white coat color is caused by the combined effect of a duplication of KIT gene and a splice mutation in one of the copies leading to a variant transcript lacking exon 17 (Marklund et al., 1998) . In another report, Giuffra et al. (1999) suggested that the white belt in pigs such as Hampshire breed is controlled by the KIT gene mutation. Close association between sequence variation in the KIT gene and the Roan coat color was also reported in horses (Marklund et al., 1999) .
MC1R gene encoding the melanocortin stimulating hormone receptor was also proposed as a useful tool for distinguishing breed features in a range of animal species including pig and cattle (Klungland et al., 1995) . In a study by Kijas et al. (1998) , sequence analysis of the MC1R gene from several pig breeds revealed distinct DNA markers associated with different pig colors. Recently, Fajardo et al. (2007) carried out PCR-RFLP analysis targeting sequences from two molecular markers, the mitochondrial DNA D-loop and the nuclear MC1R gene, to identify and differentiate meats from European wild boar and domestic swine. The result showed that the MC1R gene is a useful marker for distinguishing between wild and domestic swine meats. However, in this study, significant sequence variations in the MC1R gene between KNP and three improved breeds were not found (data not shown). The restriction profile of MC1R gene by PCR-RFLP analysis was used as DNA marker for differentiation of Hanwoo meat from Holstein and Angus meats (Chung et al., 2000) .
Generally, the price of KNP meat is much higher than that of improved pig meats. However, meats from these pig breeds are difficult to distinguish by morphological characters and sensory differences unless for specifically trained people. Thus, there is a need for the development of analytical method to detect mislabeling or fraudulent substitution of the most expensive KNP meat by the cheaper improved pig meats. In conclusion, it can be suggested that the KIT gene is a useful marker for distinguishing between meats from KNP and improved pig breeds. Moreover, the PCR-RFLP technique developed in this study, targeting the KIT gene can be routinely applied to verify the correct labeling of KNP meat and meat products.
